Objectives: The primary objective of this study was to identify the predictors of new-onset psychological distress available in routinely collected administrative health databases for women diagnosed with breast cancer. The secondary objective was to explore whether the predictors vary based on the period of cancer care. Methods: A population-based cohort study followed 16,495 female patients with newly diagnosed breast cancer who did not experience psychological distress during the 14 months before breast cancer surgery. The incidence of psychological distress was reported overall and by type of mental health problem. Time-varying Cox proportional hazards models were developed to identify predictors of new-onset psychological distress during 2 key periods of cancer care: (1) hospital-based treatment during which women undergo treatment with breast surgery, chemotherapy, and/or radiation, and (2) 1-year transitional survivorship when women begin follow-up care. Results: The incidence of psychological distress was 16% within each period. Anxiety was present in 85.1% and 65.5% of new cases during hospital-based treatment and transitional survivorship, respectively. Predictors during both periods were younger age, receipt of axillary lymph node dissection, rheumatologic disease, and baseline menopausal symptoms, as well as new opioid dispensations, emergency department visits, and hospital contacts that occurred during follow-up. Other predictors varied based on the period of cancer care. More advanced breast cancer and type of treatment were associated with onset of psychological distress during hospital-based treatment. Psychological distress during transitional survivorship was predicted by diagnosis of localized breast disease, shorter duration of hospital-based treatment, receipt of additional hospital-based treatment in survivorship, and newly diagnosed comorbidities or symptoms. Conclusions: This study identified the predictors of new-onset psychological distress available in routinely collected administrative health databases, and showed how predictors change between hospital-based treatment and transitional survivorship periods. The results highlight the importance of developing predictive models tailored to the period of cancer care. J Natl Compr Canc Netw 2018;16(9):1065-1073 doi: 10.6004/jnccn.2018 Psychological distress has been recognized as an impor- has been shown to increase all-cause and cancer-related morbidity and mortality. For example, women who develop a mood disorder after a breast cancer diagnosis have an estimated 45% increased risk of all-cause mortality. 
Psychological distress has been recognized as an important sequela of cancer diagnosis and treatment. 1 It can have negative implications beyond affecting patients' quality of life; most importantly, psychological distress A possible underlying mechanism may be that psychological distress is associated with nonadherence to medical treatment in general, 3 as well as cancer-related treatments, such as chemotherapy and antiestrogen therapy intended to prevent cancer recurrence. 4, 5 Despite these risks, diagnosis and referral of patients with cancer for appropriate psychosocial support and treatment during routine cancer care remains a challenge. Without decision-making support, oncologists have been shown to miss 61% of mild and 49% of moderate or severe cases of depression. 6 Reasons range from significant overlaps in prodromal symptoms of psychological distress and treatment-related side effects (eg, insomnia and fatigue) to patients' reluctance to disclose psychological distress due to stigma around mental health problems or the assumption that psychological distress is a part of the cancer experience. 7, 8 Furthermore, women undergoing hospital-based treatment for breast cancer have low oncologist continuity of care, and 37% of these women attend ≤2 follow-up visits with an oncologist within the first year of survivorship, limiting the number of opportunities to identify psychological distress. 9 Moreover, women experiencing psychological distress may be seen less often given that they are less likely to adhere to recommended cancer care. As a result, new cases of psychological distress may not be detected.
A viable alternative to manage psychological distress could be risk stratification, which focuses on prevention rather than detection. 10 This approach could help to guide allocation of limited preventive resources to manage women with an increased risk of developing psychological distress, rather than applying a uniform approach to all women regardless of risk. Risk stratification is particularly relevant in this context given that the onset of psychological distress can be prevented; specifically, prophylactic cognitive behavioral therapy has been shown to reduce the incidence of both anxiety and depression in patients with cancer at higher risk of developing psychological distress by half. 11 Ideally, the risk stratification process could be automated by capitalizing on routinely collected administrative health data. These types of data are becoming increasingly available to healthcare teams, feasible to access at the point of care, and time-and resource-efficient. However, little is known about risk factors documented in administrative health databases that can be used to predict onset of psychological distress. As a first step in this direction, the primary objective of this study was to identify predictors of new-onset psychological distress available in administrative health databases for women diagnosed with breast cancer. The secondary objective was to explore whether the predictors vary based on the period of cancer care, specifically during hospital-based treatment (ie, treatments received within a hospital on either an inpatient or outpatient basis, specifically breast cancer surgery, chemotherapy, and/ or radiation) and transitional survivorship (ie, first year after completion of hospital-based treatment).
Methods

Study Design
A population-based cohort of female patients with breast cancer was followed from the date of initial breast cancer surgery to 1 year after completion of hospital-based breast cancer treatment to identify cases of new-onset psychological distress (Figure 1 ). The cohort included women diagnosed with a new breast cancer who received hospital-based treatment in Quebec, Canada between January 1, 1998, and March 31, 2011. Breast cancer cases were identified using ICD diagnostic codes and Régie de l'assurance maladie du Québec (RAMQ) procedure codes for breast cancer surgery (see supplemental eAppendices 1 and 2, available with this article at JNCCN.org).
Women were excluded if they experienced the outcome of interest (ie, psychological distress) during the precancer baseline year or diagnostic and workup period. Women were also excluded if they did not have a documented breast surgery or were not continuously covered by the RAMQ health and drug insurance plans starting at least 14 months before the date of initial breast surgery (during the precancer baseline year and diagnostic and workup period) until completion of transitional survivorship. The date that each woman completed hospitalbased treatment was estimated based on documented RAMQ procedure codes for breast cancer surgeries, chemotherapy, and radiation, as well as consultations with medical and radiation oncologists indicating consideration of chemotherapy and radiation, respectively (supplemental eAppendix 2). Completion of hospital-based treatment was defined by the start of the first 6-month period without any documented hospital-based treatments for breast cancer.
Data Sources
This study was conducted using routinely collected administrative health data obtained from the RAMQ provincial, universal health insurance plan. The source population consisted of female residents from the province of Quebec, Canada insured by RAMQ. Data were available from January 1, 1998, to March 31, 2012. The following databases were linked to conduct the analyses: (1) RAMQ registrant database, which provides demographic and income-indexed prescription copayment information; (2) RAMQ medical services database, which contains physician fee-for-service claims and the ICD diagnostic code associated with each billing; (3) Ministry of Health hospital discharge abstract database (MED-ÉCHO), which provides administrative and clinical information on hospital discharges, including ICD and procedure codes; and (4) RAMQ prescription drug claims database (covering all residents aged ≥65 years, and selected, dynamic subgroups aged <65 years). Ethical clearances were granted through the Institutional Review Board at McGill University and the provincial Access to Information Office.
Measurement of Distress
The study outcome was time to onset of new psychological distress. New episodes were identified in the administrative medical services and hospital discharge abstract databases (MED-ECHO) using documented ICD diagnostic codes for mental health problems (supplemental eAppendix 3). Given that ICD diagnostic codes for mental health problems are known to be underreported, 12, 13 additional new episodes of psychological distress were identified through the prescription drug claims database by dispensations of psychotropic medications commonly indicated for management of psychological distress (supplemental eAppendix 4).
Candidate Predictors of Psychological Distress
Selection of candidate predictors in the administrative health databases was informed by the published literature. All candidate predictors are listed in supplemental eAppendix 5 categorized based on type of predictor: sociodemographic information, breast cancer characteristics and treatments, comorbidities, symptoms, and health services use (ICD codes provided in supplemental eAppendices 1 and 6). When appropriate, candidate predictors were stratified by time of first documented occurrence as either "present at baseline" or "new in follow-up." This approach was taken based on evidence that side effects associated with hospital-based breast cancer treatments have been shown to increase the risk of psychological distress.
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Statistical Analysis
Descriptive statistics were calculated to characterize sociodemographic information, breast cancer characteristics, and hospital-based treatments received by the cohort. Incidence of psychological distress documented in the administrative health data was reported overall and by type: anxiety disorders, mood disorders, and other mental health problems.
Predictors of new-onset psychological distress documented in the administrative health databases were identified using time-dependent Cox proportional hazards models and the counting process approach by week of the follow-up period. Two separate models were developed: (1) hospital-based treatment and (2) subsidized prescription copayments (indicating lower socioeconomic status), breast cancer stage, and hospital-based treatments (for the transitional survivorship model), as well as comorbidities, symptoms, and health services use measurable prior to the start of follow-up were entered into the models as timefixed candidate predictors. Change to subsidized prescription copayments, breast cancer treatments (for the hospital-based treatment period), comorbidities, symptoms, and health services use that occurred during the follow-up period were entered into the models as time-dependent candidate predictors.
Predictors independently associated with newonset psychological distress were identified using a stepwise forward selection process with entry criteria of P≤.15 for candidate predictors that were retained in the model if P≤.05. The proportional hazards assumption was assessed for all predictors included in the final models by testing the significance of an interaction between each of the included predictors with linear time. Candidate interactions were entered into the final models using the same stepwise forward selection process while retaining all original predictors. All statistical analyses were conducted using SAS 9.4 (SAS Institute Inc.).
Results
The study cohort consisted of 16,495 women diagnosed with and treated for a new breast cancer who did not experience psychological distress during the precancer baseline year or diagnostic and workup period ( Table 1) . Incidence of psychological distress documented in the administrative health data was 16.2% (rate: 604 cases per 1,000 person-years) and 16.8% (rate: 187 cases per 1,000 person-years) during hospital-based treatment and transitional survivorship, respectively ( Table 2 ). The most common type of psychological distress was anxiety, which was present in 85.1% of cases during hospital-based treatment and 65.5% of cases during transitional survivorship. Final models with predictors independently associated with new-onset psychological distress are presented in Table 3 .
Predictors Common to Both Periods of Cancer Care
Predictors of new-onset psychological distress during both hospital-based treatment and transitional survivorship included younger age, receipt of axillary lymph node dissection (ALND), rheumatologic disease (present at baseline or new in follow-up), and baseline menopausal symptoms. New opioid dispensations (indicating pain), emergency department (ED) visits, and hospital contacts that occurred during the follow-up period also predicted onset of psychological distress. Breast cancer stage was independently associated with new-onset psychological distress in both periods; however, more advanced stage predicted new-onset psychological distress during hospitalbased treatment, whereas only localized breast disease predicted onset during transitional survivorship.
Predictors Specific to Hospital-Based Treatment
Additional predictors of new-onset psychological distress available in administrative health databases for the hospital-based treatment period were receipt of chemotherapy (including neoadjuvant treatment) and newly diagnosed renal disease, as well as baseline pulmonary disease, equilibrium problems, and opioid dispensations (indicating pain) that occurred before the start of follow-up. Conversely, subsidized prescription copayments at baseline and receipt of radiotherapy were associated with a lower risk of new-onset psychological distress during hospitalbased treatment (Table 3) .
Predictors Specific to Transitional Survivorship
In the transitional survivorship period, additional predictors available in the administrative health databases among women who did not experience psychological distress during hospital-based treatment included change to subsidized prescription copayments, shorter duration of hospital-based treatment, and receipt of additional hospital-based treatment in survivorship. Pulmonary symptoms (present at baseline or new in follow-up), as well as baseline gastrointestinal symptoms and pain-related diagnoses were associated with onset of psychological distress. Newly diagnosed pulmonary disease, anemia, hypothyroidism, hypertension, urinary symptoms, and fatigue also predicted new-onset psychological distress during transitional survivorship (Table 3) .
Discussion
This study identified predictors of new-onset psychological distress in female patients with breast cancer documented in routinely collected administrative health databases in an effort to help guide allocation of supportive care resources. The unique contribution of this research was the identification of predictors of onset of psychological distress in administrative health databases for the early survivorship period, during which women transition to followup care and have fewer contacts with the oncology team. The documented incidence of psychological distress was 16% within each period of cancer care. Anxiety was the most common type of new psychological distress, present in 85.1% and 65.5% of new-onset cases during hospital-based treatment and transitional survivorship, respectively. Predictors of new-onset psychological distress during both periods were younger age, receipt of ALND, rheumatologic disease, and baseline menopausal symptoms, as well as new opioid dispensations, ED visits, and hospital contacts that occurred during follow-up. Predictors also varied based on the period of cancer care. More advanced breast cancer and type of treatment were associated with onset of psychological distress during hospital-based treatment. Psychological distress during transitional survivorship was predicted by diagnosis of localized breast disease, shorter duration of hospital-based treatment, receipt of additional hospital-based treatment in survivorship, and newly diagnosed comorbidities or symptoms. Breast cancer stage at diagnosis was a significant predictor of psychological distress during both the hospital-based treatment and transitional survivorship periods; however, more advanced breast cancer was associated with new psychological distress during hospital-based treatment, whereas localized breast cancer predicted onset in the transitional survivorship period. This difference is likely attributable to the longer duration of hospital-based treatment and more aggressive anticancer therapies received by women with more advanced cancer. As a result, women with more advanced cancer who are more susceptible to psychological distress would likely develop it during hospital-based treatment, particularly while undergoing chemotherapy. Conversely, women with localized breast disease have comparatively shorter durations of hospital-based treatment, a The sum of new-onset cases for anxiety, mood disorders, and other mental health problems exceeds the overall number of psychological distress cases, because a small percentage of women with new-onset distress had multiple comorbid psychological conditions documented on the same day.
Abbreviations: HR, hazard ratio; NA, not applicable. a 8 predictors violated the proportional hazards assumption (ie, had a significant interaction with time), meaning that the HRs either increased or decreased over the follow-up period. For ease of interpretation, the HRs for these predictors are reported at 2 time points: on day 1 (ie, the beginning of follow-up) and at 6 months (ie, 6 months into the follow-up period). in some cases limited to only breast surgery. Under these circumstances, women cope with the breast cancer diagnosis on transitioning into follow-up, where they have fewer contacts with the oncology team and reduced access to supportive care. 9 These results are seemingly contrary to the conclusions of our systematic review of predictors of psychological distress in breast cancer survivors, which indicated that longer treatment duration was associated with increased risk of psychological distress.
14 However, this discrepancy can be explained by the different study outcomes; the systematic review reported Abbreviations: HR, hazard ratio; NA, not applicable. a 8 predictors violated the proportional hazards assumption (ie, had a significant interaction with time), meaning that the HRs either increased or decreased over the follow-up period. For ease of interpretation, the HRs for these predictors are reported at 2 time points: on day 1 (ie, the beginning of follow-up) and at 6 months (ie, 6 months into the follow-up period).
on predictors of prevalent psychological distress, 14 whereas this study investigated predictors of newonset psychological distress.
Newly diagnosed comorbidities or symptoms may have been related to hospital-based treatment. Many of the predictors could have been treatmentrelated side effects related to breast cancer surgery, chemotherapy, and/or radiation, such as pulmonary disease and related symptoms (eg, dyspnea); renal disease and urinary symptoms (eg, incontinence); anemia; hypothyroidism; hypertension; gastrointestinal symptoms (eg, nausea and vomiting); menopausal symptoms; fatigue; and pain. [15] [16] [17] The results also suggest that preexisting conditions or symptoms documented during the precancer baseline and diagnostic and workup periods may have been exacerbated by receipt of hospital-based breast cancer treatments. In particular, underlying rheumatologic disease may predict onset of psychological distress as a result of discontinuation of disease-modifying immunosuppressant medications during hospital-based treatment, which would result in more pain and limited mobility. Additionally, hospital-based treatments have been shown to increase the risk of joint pain, and may serve to trigger or exacerbate underlying rheumatologic symptoms. Given the context, receipt of an ALND may predict new-onset psychological distress through increasing the risk of lymphedema, which has been shown to occur in approximately 20% of women who receive ALNDs, based on a meta-analysis of 18 studies. 18 ALND could also cause psychological distress as a result of limited joint mobility and stiffness. Results of this study highlight that treatment-related conditions and symptoms do not need to be severe in order to increase the risk of new-onset distress.
These findings also suggest that interventions focused on timely identification and effective management of treatment-related symptoms could prevent onset of psychological distress by reducing the burden of disease. Electronic monitoring of treatment-related symptoms coupled with automated alerts to the oncology team has been shown to improve health-related quality of life in patients with cancer receiving chemotherapy. 19 Furthermore, this intervention reduced the number of ED visits and hospitalizations. This is particularly relevant given that results of our study demonstrated that ED visits and hospital contacts either increase the risk of new psychological distress or are early signs; therefore, proactive intervention to avoid unplanned health services use may also reduce the risk of developing psychological distress.
An important strength of our study was the use of time-dependent Cox proportional hazards models that accounted for new events that occurred during the follow-up period. This approach enabled identification of newly diagnosed treatment-related comorbidities and symptoms as predictors of new-onset psychological distress, particularly during transitional survivorship. Furthermore, the time-dependent analyses helped to disentangle the independent associations of breast cancer stage and hospital-based treatments with onset of psychological distress. Previous studies have evaluated hospital-based treatments as candidate predictors of depression following breast cancer diagnosis using time-to-event models; however, the results may have been biased given that the analyses did not appear to account for the timedependent nature of these predictors. 20, 21 The current study also advanced the literature by stratifying the analysis by the period of cancer care, which provided more insight into the effect of duration of hospitalbased treatment on risk of new-onset psychological distress during transitional survivorship.
This study had several limitations. ICD diagnostic codes for mental health problems tend to be underreported in administrative health databases. Reasons include current RAMQ reporting structures allowing only one ICD diagnostic code to be documented for physician healthcare services billing, patient reluctance to report mental health problems, and physician failure to assess psychosocial concerns during oncology visits. As a result, a substantial number of new cases of psychological distress may not have been documented. Similarly, comorbidities and symptoms may have been underreported, weakening the associations in the final models; for example, despite being relatively common after ALND, 18 lymphedema was rarely documented in the administrative health databases. Conversely, measuring psychological distress based on psychotropic medication dispensations from administrative prescription drug claims databases may have overestimated the number of cases of new-onset psychological distress, also resulting in weaker associations. Some of the psychotropic medications may have been prescribed for other indications, such as sleep disorders, migraines, or pain. 22 Furthermore, our study did not capture new cases of psychological distress if psychotropic medications were prescribed but never dispensed (ie, primary nonadherence) 23 or if women received alternative treatments for psychological distress not covered by the universal health insurance plan, specifically psychotherapy.
Conclusions
This study identified predictors of new-onset psychological distress available in routinely collected administrative health databases, and showed how the predictors change based on the period of cancer care, specifically during hospital-based treatment and transitional survivorship. These results indicate that a one-size-fits-all approach is not sufficient to predict new-onset psychological distress in patients with breast cancer and that predictive models should be tailored based on the period of cancer care. These findings could be used to inform development of risk stratification algorithms to identify women at higher risk of new-onset psychological distress following breast cancer diagnosis.
